1. Introduction {#s0005}
===============

A new strain of coronavirus, 2019 novel coronavirus or SARS-CoV-2, has emerged and infected thousands of humans. It is gaining global importance due to the unprecedented spread and death toll caused by this disease ([@bb0310]; [@bb0360]; [@bb0140]). The first case has been notified in China in late December 2019, and the disease is rapidly spreading to different countries and territories, including Thailand, Japan, South Korea, Iran, and the US -- posing pandemic threat ([@bb0245]; [@bb0225]; [@bb0015]; [@bb0120]). Determining the origin, evolutionary process, and antigenic resemblance of SARS-CoV-2 is urgently needed to study its molecular pathogenesis, perform surveillance, identify drug and vaccine targets, and develop a vaccine.

It is important to understand the genetic variability and resemblance of SARS-CoV-2 with other coronaviruses to explore the evolutionary origin of SARS-CoV-2. Human coronavirus strains evolved between 1960 and 2018 (HCoV-229E, HCoV-OC43, SARS-CoV, HCoV-NL63, HKU1 and MERS-CoV) ([@bb0090], [@bb0240]) are the important candidates for genetic resemblance and variability analysis. Further, some reports and studies guessed that SARS-CoV-2 originated from the bat. Thus inclusion of bat-originated coronaviruses (HKU4 and HKU5) in resemblance and variability analysis could help in elucidating the evolutionary history of the SARS-CoV-2.

Bangladesh is a densely populated country. The impact of spreading a highly contagious virus-like SARS-CoV-2 would be very high. There is no report of human coronaviruses in Bangladesh before 2020. In the database and literature, a single report on Buffalo-originated coronavirus strain collected from Bangladesh (BufCoV-HKU26-M) is available ([@bb0190]). The global risk of the 2019 novel coronavirus (COVID-19 \[SARS-CoV-2\]) has recently been addressed by many scientists ([@bb0025], [@bb0055], [@bb0100], [@bb0335], [@bb0365]). Outside China, COVID-19 transmission has been found in over 210 countries and territories ([@bb0100], [@bb0310]). The US declared emergency funds because of coronavirus ([@bb0265]). As the outbreak of the 2019 novel coronavirus (COVID-19 \[SARS-CoV-2\]) is spreading rapidly, the analysis of epidemiological data of COVID-19 is necessary to explore the disease burden and associated factors.

The present study aims to compare the genetic materials of SARS-CoV-2 with different previously reported virulent strains of coronaviruses and to discuss the risk and possible impact of the SARS-CoV-2 epidemic in Bangladesh based on the descriptive epidemiological analysis.

2. Methods {#s0010}
==========

2.1. Retrieving human-, bat- and buffalo-originated coronavirus protein sequences and epidemiological data {#s0015}
----------------------------------------------------------------------------------------------------------

Spike (S), membrane (M), envelope (E) and nucleocapsid (N) protein sequences of SARS-CoV-2, HCoV-229E, HCoV-OC43, SARS-CoV, HCoV-NL63, HKU1, MERS-CoV, HKU4, HKU5 and BufCoV-HKU26 were retrieved from the ViralZone root (<https://viralzone.expasy.org/>) and UniProt (<https://www.UniProt.org/>) databases ([Supplementary File 1](#ec0005){ref-type="supplementary-material"}). Additionally, we retrieved epidemiological data for COVID-19 from different websites, such as the World Health Organization (WHO), European Centre for Disease Prevention and Control (ECDC), and other online news portals ([@bb0310]; [@bb0080]; [@bb0210]; [@bb0220]; [@bb0330]). Accordingly, we also extracted population data of countries and provinces (China) from several websites ([@bb0065]; [@bb0070]; [@bb0320]).

2.2. Phylogeny study and pairwise sequence alignment of coronavirus proteins {#s0020}
----------------------------------------------------------------------------

The retrieved gene sequences were subjected to multiple sequence alignment (MSA). Sequence alignments were performed in ClustalW ([@bb0270]). Phylogenetic relationship (maximum parsimony, MP) was constructed, by using MEGA X ([@bb0170]), to understand the ancestral origin and antigenic resemblance of SARS-CoV-2 with other coronaviruses. Besides, pairwise sequence alignment of SARS-CoV-2 proteins with different viral strains was performed by the EMBOSS Needle online software, which uses the Needleman-Wunsch alignment algorithm to find the optimum alignment (including gaps) of two sequences along their entire length ([@bb0060]). Moreover, sequence alignment was also visualized and analyzed by using Jalview software (<https://www.jalview.org/>).

2.3. Immunogenicity prediction and epitope conservancy analysis {#s0025}
---------------------------------------------------------------

Targeting potential antigens from viral proteins is crucial for constructing peptide-based vaccine molecules that can interact with B lymphocytes ([@bb0125]). It was reported that peptide flexibility and proper surface accessibility are prerequisites for being a potential B cell epitope. Considering those parameters, the immunogenic peptide sequences from four types of viral proteins were determined by using the B cell epitope prediction tools of the Immune Epitope Database (IEDB) ([@bb0275]), which employs the Bepipred linear epitope prediction method ([@bb0185]). The VaxiJen v2.0 server (<http://www.ddgpharmfac.net/vaxijen/>) was used for screening out the most immunogenic peptides determined from IEDB ([@bb0275]). However, epitope conservancy analysis is a crucial step to assess the degree of desired epitope distribution in its homologous protein set. In this study, the conservancy pattern of mostly immunogenic B cell peptide sequences of COVID-19 was compared with other homologous sequences retrieved from the NCBI database by using BLASTp ([@bb0130]). Moreover, the conservancy study of immunogenic peptides predicted from the SARS-CoV-2 proteins was also compared against other human coronavirus strains (HCoV-229E, HCoV-OC43, SARS-CoV, HCoV-NL63, HKU1 and MERS-CoV). The epitope conservancy analysis tool (<http://tools.iedb.org/conservancy/>) of the IEDB was used to continue the conservancy analysis ([@bb0135]).

2.4. Homology modeling and evaluation of 3D protein structures {#s0030}
--------------------------------------------------------------

Homology modeling of spike glycoprotein (P0DTC2), membrane protein(P0DTC5), an envelope protein (P0DTC4), and nucleoprotein (P0DTC9) of SARS-CoV-2 was performed by using the I-TASSER server ([@bb0345]). Although multiple threading alignments generated 3D structures in the I-TASSER server, refinement was conducted using ModRefiner ([@bb0340]) followed by the FG-MD refinement server to improve the accuracy of the predicted 3D modeled structure ([@bb0355]). ModRefiner allowed for significant improvements in the physical quality of the local structure based on hydrogen bonds, side-chain positioning and backbone topology of the native-state proteins. Again, FG-MD, a molecular dynamics-based algorithm for structure refinement, usually works at the atomic level. The refined protein structure was further validated by RAMPAGE ([@bb0280]) and ERAAT analyses ([@bb0110]). Structures were visualized and analyzed by PyMoL ([@bb0175]).

2.5. Illustration of COVID-19 cases and deaths {#s0035}
----------------------------------------------

We illustrated the number of cases and deaths of SARS-CoV-2 through graphs to elucidate the pattern of occurrence. We plotted the number of global cases and Chinese cases by date, the global death toll per day against time. Further, we presented global and country-wise case fatality.

2.6. Calculation of crude mortality rate and case fatality of COVID-19 {#s0040}
----------------------------------------------------------------------

We calculated the crude mortality rate and case fatality according to the formulas suggested by the CDC ([@bb0040]) as well as Jacob and Ganguli ([@bb0145]). Here, we calculated the crude mortality rate for countries and Chinese provinces and standardized per 1 crore persons.

2.7. Satellite-based temperature data {#s0045}
-------------------------------------

It is already known that the SARS-CoV-2 can multiply even at high temperatures, especially temperatures higher than 15 °C ([@bb0045]; [@bb0155]); however, SARS-CoV-2 is rapidly inactivated at 20 °C ([@bb0155]). Therefore, temperature plays a great role in its multiplication. For this purpose, recent environmental temperature data from the place of first occurrence as well as Bangladesh were obtained from Landsat-8 satellite data. This satellite provides high spatial resolution (30 m) data at 15-day intervals. Using the brightness temperature of band number 10 (TIR-1) and emissivity data temperature (in °C) of bands 4 and 5 (L8 Data Users Handbook), a large area (a 30-km-wide swath) can be obtained for a time with minor deviation from in situ temperature data (maximum 0.45 degree Celsius SD). Therefore, cloudless or less cloudy images (less than 90%) were obtained from the USGS webpage ([www.earthexplorer.usg.gov](http://www.earthexplorer.usg.gov){#ir0040}). A maximum of 2 data points were available for one area in each month. However, neighboring path and row image borders shared some common areas, which provided more frequencies for those overlapped areas. Level-1 Tier-1 images, which are radiometrically and geometrically corrected, were used in this study.

First, all images fulfilling the cloud-related conditions were downloaded. A total of 90 images covering the land areas of Wuhan, China, Korea, Italy and Bangladesh were downloaded. Then, DN of Band 10 data were converted to emissivity and simultaneously converted to brightness temperature by using \"equation number 1" ([@bb0030]). Then, the emissivity was converted to temperature by using \"equation number 2" ([@bb0255]).

The estimated data were obtained by the Landsat 8 Thermal Infrared Sensor (TIRS) of band 10. To obtain the temperature data for coverage of Bangladesh, Landsat-8 images of path 135 rows 44--46, path 136 rows 43--45, path 137 rows 42--45, path 138 rows 42--45, and path 139 rows 41--43 were used. To obtain temperature data for coverage of Korea, Landsat-8 images of path 114 rows 34--36, path 115 rows 33--37, and path 116 rows 33--37 were used. To obtain temperature data for coverage of the city of Wuhan, Landsat-8 images of path 122 rows 39 and path 123 rows 38--39 were used. For Italy, Landsat-8 images of path 186 rows 32, path 187 rows 32--34, path 188 rows 31--35, path 189 rows 31--32 and 34, path 190 rows 30--314, path 191 rows 28--31, path 192 rows 28--30 and 32--33, path 193 rows 27--33, path 194 rows 28--30, path 195 rows 28--29, path 196 rows 28--03, and path 194 rows 28 were used. To obtain temperature data for coverage of the city of Wuhan, Landsat-8 images of path 122 rows 39 and path 123 rows 38--39 were used.

For obtaining the temperature, the digital number (DN) of band 10 for each image was converted to the brightness temperature by using "equation number 1".$$L_{\lambda} = M_{L} \times Q_{cal} + A_{L}$$where L~λ~ = Top of atmosphere spectral radiance (Watts/(m^2^× sr × μm)), M~L~= Radiance multiplicative scaling factor for band 10, A~L~= Radiance additive scaling factor for band 10, Q~cal~ = Level 1 pixel value in D.

Then, by using equation number 2, the real temperature value (°K) was obtained:$$T = \frac{K2}{\ln\left( {\frac{K1}{L_{\lambda}} + 1} \right)\ }$$where T = Top of atmosphere brightness temperature (°Kelvin), K2 = Thermal conversion constant for band 10, K1 = Thermal conversion constant for band 10.

The effective temperature value (°K) was converted to the effective temperature value (°C) using the following equation:$$T\ \left( {{^\circ}C} \right) = T\ \left( {{^\circ}K} \right) - 273$$where T (°C) = Brightness temperature value (°C), T (°K) = Brightness temperature value (°K).This information was automatically obtained from metadata.

3. Results {#s0050}
==========

3.1. Phylogenetic analysis and pairwise sequence alignment of coronavirus proteins {#s0055}
----------------------------------------------------------------------------------

The four phylogenetic trees constructed from four types of representative viral proteins (spike, membrane, envelope and nucleoproteins) of SARS-CoV-2, HCoV-229E, HCoV-OC43, SARS-CoV, HCoV-NL63, HKU1, MERS-CoV, HKU4, HKU5 and BufCoV-HKU26. Phylogenetic trees demonstrated the ancestral origin and distant evolutionary relationships of the newly emerged novel coronavirus (COVID-19). It was found that SARS-CoV-2 was evolutionarily related to SARS-CoV (**Fig.** 1). In all trees, SARS-CoV-2 aligned with the same clade of SARS-CoV, where two bat-originated coronaviruses, HKU4 and HKU5, were found to have divergent relationships with COVID-19. However, HKU4 and HKU5 showed ancestral relationships with MERS-CoV. Moreover, BufCoV-HKU26, of Bangladesh origin, always showed a phylogenetic relationship with the animal-originated coronavirus HCoV-OC43. Multiple sequence alignment (MSA) of COVID-19 proteins with SARS-CoV and BufCoV-HKU26 proteins is shown in **Fig. 2** (i) and (ii). The results suggested that major proteins four proteins of SARS-CoV-2 were more aligned with the SARS-CoV proteins, which might substantiate the claim of convergent evolutionary relation of SARS-CoV-2 and SARS-CoV \[**Fig. 2** (i)\]. On the other hand, the major proteins of BufCoV-HKU26 were also subjected to MSA with SARS-CoV, and it revealed that there were significant dissimilarities between these two strains \[**Fig.** 2 (ii)\]. Moreover, pairwise sequence alignment by EMBOSS Needle strengthened the phylogenetic relationship of SARS-CoV-2 and SARS-CoV. **Table 1** included the similarity and identical pattern of SARS-CoV-2 proteins with their homologous proteins of other coronaviruses. It had been raveled that SARS-CoV-2 proteins were highly similar and identical with SARS-CoV proteins. Spike, membrane, envelope, and nucleocapsid proteins of SARS-CoV-2 showed that approximately 76.4%, 90.5%, 94.7%, and 90.5% nucleotide similarities with the respective protein molecules of SARS-CoV. Again, in the case of identity pattern, results showed that spike, membrane, envelope, and nucleoproteins of SARS-CoV-2 were 87.0%, 96.4%, 96.1% and 94.3% identical with the respective homologous proteins of SARS-CoV. Besides, minimum similarity and identical patterns were found with other viral strains, including BufCoV-HKU26 of Bangladesh origin (Table 1).Fig. 1Phylogeny study of SARS-CoV-2 with the other member of coronavirus family. A phylogentic tree was constructed with (A) Spike glycopreotein, (B) Membrane protein, (C) Envelope protein and (D) Nucleoprotein of COVID-19 with HCoV-229E, HCoV-OC43, SARS-CoV, HCoV-NL63, HKU1, MERS-CoV, HKU4, HKU5 and BufCoV-HKU26 coronaviruses by using Maximum Likelihood Method of MEGA X.Fig. 1Fig. 2(i) Multiple sequence alignment of SARS-CoV-2 proteins with SARS-CoV. Multiple sequence alignment of (A) COVID-19-S and SARS-CoV-S, (B) COVID-19-M and SARS-CoV-M, (C) COVID-19-E and SARS-CoV-E and (D) COVID-19-N and SARS-CoV-N was visualized. Conservation showed based on 11 base scales where yellow color bar indicates the full conservation. Alignment quality was based on BLOSUM 62 substitution matrix score where yellow color indicates good quality. All the colors changes according to the conservation and alignment quality. Black bars showed the consensus sequence. This alignment was visualized by Jalview 2.8 and color scheme used is Clustalx. (ii) Multiple sequence alignment of SARS-CoV-2 proteins with BufCoV-HKU26. Multiple sequence alignment of (A) COVID-19-S and BufCoV-HKU26-S, (B) COVID-19-M and BufCoV-HKU26-M, (C) COVID-19-E and BufCoV-HKU26-E and (D) COVID-19-N and BufCoV-HKU26-N was visualized. Conservation showed based on 11 base scales where yellow color bar indicates the full conservation. Alignment quality was based on BLOSUM 62 substitution matrix score where yellow color indicates good quality. All the colors changes according to the conservation and alignment quality. Black bars showed the consensus sequence. This alignment was visualized by Jalview 2.8 and color scheme used is Clustalx. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)Fig. 2Table 1Pairwise sequence alignment of COVID-19 proteins with other viral strains by the EMBOSS Needle.Table 1*SARS-CoV-2 ProteinsOther Coronavirus Proteins*[a](#tf0005){ref-type="table-fn"}*SARS-CoV-SHCoV-OC43-SHCoV-229E-S\*HCoV-NL63-SHCoV-HKU1-SMERS-CoV-SBatCoV-HKU4-SBatCoV-HKU5-SBufCoV-HKU26-SSpike Protein*76.4%\
87.0%29.2%\
43.3%26.4%\
39.4%23.35%\
35.0%28.0%\
44.2%29.8%\
45.3%32.1%\
46.6%32.2%\
47.0%29.5%\
44.2%  *SARS-CoV-MHCoV-OC43-MHCoV-229E-M\*HCoV-NL63-MHCoV-HKU1-MMERS-CoV-MBatCoV-HKU4-MBatCoV-HKU5-MBufCoV-HKU26-MMembrane Protein*90.5%\
96.4%37.2%\
55.6%30.7%\
51.3%29.5%\
50.6%34.4%\
54.2%39.9%\
59.2%41.0%\
60.4%42.7%\
59.6%37.4%\
55.7%  *SARS-CoV-EHCoV-OC43-EHCoV-229E-E\*HCoV-NL63-EHCoV-HKU1-EMERS-CoV-EBatCoV-HKU4-EBatCoV-HKU5-EBufCoV-HKU26-EEnvelope Protein*94.7% 96.1%22.7%\
42.0%24.7%\
44.4%17.9%\
52.6%26.8%\
45.1%35.4%\
46.3%39.8%\
56.6%29.5%\
44.3%20.9%\
44.2%  *SARS-CoV-NHCoV-OC43-NHCoV-229E-N\*HCoV-NL63-NHCoV-HKU1-NMERS-CoV-NBatCoV-HKU4-NBatCoV-HKU5-NBufCoV-HKU26-NNucleoprotein*90.5%\
94.3%32.9%\
48.7%24.6%\
35.8%26.8%\
39.4%29.6%\
44.1%45.6%\
59.6%44.5%\
57.4%43.6%\
58.2%32.7%\
48.6%[^2][^3]

3.2. Immunogenicity prediction and epitope conservancy analysis {#s0060}
---------------------------------------------------------------

Four types of viral proteins ([Supplementary File 1](#ec0005){ref-type="supplementary-material"}) of SARS-CoV-2, HCoV-229E, HCoV-OC43, SARS-CoV, HCoV-NL63, HKU1, MERS-CoV, HKU4, HKU5 and BufCoV-HKU26 were employed to determine the most antigenic sites by using the B cell epitope prediction tool of IEDB and VaxiJen scoring. The VaxiJen server, which gave a result well above the threshold value (0.40), usually reveals the immunogenic potential to stimulate a protective response in host organisms ([@bb0085]). From the analysis, a total of 17 epitopes from S proteins, 1 epitope from M proteins, 1 epitope from E proteins and 5 epitopes from N proteins were found to be mostly immunogenic in SARS-CoV-2, with almost 100% of peptides carrying more than the threshold value of the antigenic score of the VaxiJen server ([Table 2](#t0010){ref-type="table"}). Similarly, other coronavirus proteins also showed different lengths of immunogenic epitope candidates with values exceeding the antigenic threshold ([Supplementary Table 1](#ec0005){ref-type="supplementary-material"}). Moreover, homologous sequences of SARS-CoV-2 S, M, E and N proteins were retrieved from the NCBI database ([Supplementary File 2](#ec0010){ref-type="supplementary-material"}) and were subjected to conservancy analysis with the immunogenic epitopes from SARS-CoV-2 proteins. It was found that antigenic sites are almost conserved in all of the homologous protein sequences deposited in the NCBI database ([Table 2](#t0010){ref-type="table"}). Cross-checked conservancy analysis of COVID-19 antigenic epitopes with SARS-CoV proteins showed that conservancy when cross-checked with other coronaviruses, including BufCoV-HKU26 of Bangladesh origin, was not significant ([Table 3](#t0015){ref-type="table"}).

3.3. Homology Modeling and evaluation of the 3D protein structure of COVID-19 {#s0065}
-----------------------------------------------------------------------------

The 3D structures of the SARS-CoV-2 proteins were modeled using the I-TASSER server, where 'SARS-CoV complex with human neutralizing S230 antibody Fab fragment' (PDB ID: [6NB6](pdb:6NB6){#ir0045}), 'Membrane protein complex' (PDB ID: [5X5Y](pdb:5X5Y){#ir0050}), 'Coronavirus Envelope Proteins' (PDB ID: 2 MM4) and 'SARS CoV Nucleocapsid' (PDB ID: [1SSK](pdb:1SSK){#ir0055}) acted as the top threading templates of the S, M, E and N proteins, respectively. The SARS-CoV-2 proteins showed 36% to 93% coverage and 40% to above 90% identity to the I-TASSER template proteins ([Supplementary Table 3](#ec0015){ref-type="supplementary-material"}). As I-TASSER usually deduces 5 different models for each operation, refinement by Modrefiner and validation by RAMPAGE and ERRAT were performed to check the accuracy of the modeled structures.

After the refinement process, Ramachandran plot analysis was investigated to fix the structural accuracy from homology modeling. Ramachandran plot could do the placement of amino acids from modeled protein structure following the all attributes of structural biology, from where comparatively better model could be screened out. The present study revealed that the spike protein of SARS-CoV-2 showed 75.2% residues in the favored region, 14.8% residues in the allowed region, and only 10% residues in the outlier region \[[Fig. 3](#f0015){ref-type="fig"} (i)A\]. On the other hand, membrane protein exhibited 77.7% residues in the favored region, 15% residues in the allowed region, and only 7% residues in the outlier region \[[Fig. 3](#f0015){ref-type="fig"} (i)B\]. In addition, two other envelopes and nucleoproteins also showed the highest number of residues in the favored regions (74% for E and 68.1% for N) and a lower number of residues (7.3% for E and 11.5% for N) in the outlier regions \[[Fig. 3](#f0015){ref-type="fig"} (i)C and (i)D\]. Again, for assuring more structural validity of the constructed models, the results of ERRAT had been analyzed. It had been found that values of the highest quality factor from the modeled SARS-CoV-2proteins (S = 71%, M = 88%, E = 89% and E = 73%) were significant \[[Fig. 3](#f0015){ref-type="fig"}(ii) and [Supplementary Table 3](#ec0015){ref-type="supplementary-material"}\]. In addition, the probable immunogenic epitopes of major SARS-CoV-2 proteins were studied in the previous steps, and here, all of the predicted immunogenic epitopes of SARS-CoV-2were presented into the validated 3D structures of the S, M, E and E by using PyMoL in [Fig. 4](#f0020){ref-type="fig"}.

3.4. Burden of COVID-19: Occurrence of cases {#s0070}
--------------------------------------------

Over two and half months, from its outbreak on 31 December 2019 to 20 March 2020, COVID-19 has spread to up to 182 countries and territories \[[Fig. 5](#f0025){ref-type="fig"}(i)A\] and one cruise ship named 'Diamond Princess' in Japan, affecting a total of 253,796persons globally, including in Bangladesh; however, China was the most affected country\[[Fig. 5](#f0025){ref-type="fig"}(i)B\], holding 32.06% (81,375/253,796) of global cases ([Fig. 6](#f0030){ref-type="fig"}A and [Supplementary File 3](#ec0015){ref-type="supplementary-material"}). The second- and third-most affected countries were Italy and Spain, with a total of 41,035 and 19,980 cases, respectively. The cruise ship, Diamond Princess, experienced 706 cases among a total of 3706 persons. In addition, COVID-19 resulted in a substantial burden in Iran, Germany, United States of America (USA), France and South Korea infecting 19,644, 17,372, 14,366, 10,995 and 8652 persons, respectively. However, the numbers of total cases in other countries ranged from one to five thousand ([Supplementary File 3](#ec0015){ref-type="supplementary-material"}). Among 34 provinces in China, including SARs (special administrative regions), up to 19 March 2020, the highest number of cases occurred in Hubei (67,869) ([Fig. 6](#f0030){ref-type="fig"}B). In addition, other highly affected provinces were Guangdong (1370), Henan (1273), Zhejiang (1232), Hunan (1018), Anhui (990) and Jiangxi (935) ([Supplementary File 4](#ec0035){ref-type="supplementary-material"}). For both global and Chinese cases, there was a steady increasing trend of the occurrence of the disease per day from 22 January 2020 to 05 February 2020 and, in the same way, a steady decreasing trend from 06 February 2020 to 16 February 2020. Interestingly, on 17 February 2020, the number of cases worldwide (19,572 cases) and in China (19,461 cases) soared suddenly; however, the number started declining up until 25 February 2020 and then started rising sharply and reached to an apex on 20 March 2020 with 43,957 cases. Fascinatingly, after 25 February 2020, cases outside China increased more than those in China, which was an alarming signal that COVID-19 became a pandemic \[[Fig. 5](#f0025){ref-type="fig"}(i)and Supplementary Fig. 1\].

3.5. Burden of COVID-19: Death toll {#s0075}
-----------------------------------

The first death by COVID-19 occurred on 11 January 2000, and by 19 January 2020, another three persons had died. The global death toll ([Fig. 6](#f0030){ref-type="fig"}C) started to increase from 20 January 2020 until 12 February 2020 and then followed an up and down trend until 22 February 2020. The death toll peaked with 158 deaths in a single day on 23 February. Later, it declined up to 26 February 2020 and again rose in a zigzag trend up to 07 March 2020. Then, the death toll peaked with 1080 deaths in a single day on 19 March 2020 ([Fig. 6](#f0030){ref-type="fig"}C), and the cumulative number of deaths up to 20 March 2020 was 10,406 (Supplementary Fig. 2). Among 182 countries and territories, 67 countries had experienced deaths from the COVID-19 outbreak by 20 March 2020.The number of deaths was highest in Italy (3405). In addition, substantial deaths occurred in China (3254), Iran (1433) and Spain (1002) (51) \[[Fig. 5](#f0025){ref-type="fig"}(ii) and [Supplementary File 3](#ec0015){ref-type="supplementary-material"}\]. In China, 28 of 34 provinces experienced deaths from COVID-19, and the highest death toll occurred in Hubei (3122) Province, followed by Henan (22) and Heilongjiang (13); in other provinces, the death toll was below ten up until 19 March 2020 ([Supplementary File 4](#ec0035){ref-type="supplementary-material"}).

3.6. Burden of COVID-19: Crude mortality rate {#s0080}
---------------------------------------------

Upon analysis of mortality data over the time period from 11 January 2020 to 09 March 2020, we found the highest mortality rate in San Marino with almost 4129 per 10,000,000 persons, followed by Italy (above 563/10000000 persons), Spain (above 214/10000000 persons), Iran (almost 170/10000000 persons), Cayman Islands (almost 153/10000000 persons), however, the mortality rates in other countries ranged from one to sixty four persons per 10,000,000 (Supplementary Fig. 3 and [Supplementary File 5](#ec0040){ref-type="supplementary-material"}). Among the 28 provinces of China with a death record \[[Fig. 5](#f0025){ref-type="fig"}(ii)B\], the highest mortality rate was found in Hubei Province and was over 528 per 10,000,000 persons over the time period from 11 January 2020 to 19 March 2020; however, in Hainan, Hong Kong, Beijing, Heilongjiang, Henan, Chongqing, Tianjin, Shanghai and Xinjiang, the mortality rates ranged from one to seven per 10,000,000 persons. In the rest of the provinces, the mortality rates were below one per 10,000,000 persons ([Supplementary File 4](#ec0035){ref-type="supplementary-material"}).

3.7. Burden of COVID-19: Case fatality {#s0085}
--------------------------------------

Case fatality denotes the proportion of deaths among cases or diseased individuals. From the analysis of cases and death toll data up to 20 March 2020, we observed that global case fatality was 4.10% ([Fig. 6](#f0030){ref-type="fig"}D). Among the 67 countries with morality reports, the highest case fatality was 50.00% in Sudan, whilst the lowest in Malaysia as 0.19% ([Fig. 6](#f0030){ref-type="fig"}D). Case fatality was also high in Cayman Islands (33.33%), Curacao (33.33%), Gabon (33.33%) and Guyana (20.00%). However, moderate case fatality was observed in Ukraine (11.54%), Algeria (11.11%), Guatemala (11.11%) and San Marino (9.72%). Besides, case fatality in other mostly affected countries was 4.00%, 8.30%, 5.02% and 7.29% in China, Italy, Spain and Iran, respectively ([Fig. 6](#f0030){ref-type="fig"}D and [Supplementary File 6](#ec0045){ref-type="supplementary-material"}). Among 28 provinces of China with death outcomes, the highest case fatality was 4.60% in Hubei Province; however, the lowest was 0.08% in Zhejiang up to 19 March 2020 ([Supplementary File 4](#ec0035){ref-type="supplementary-material"}).

3.8. Recent temperatures in the regions of interest {#s0090}
---------------------------------------------------

The satellite-derived temperatures (°C) for Wuhan (China), South Korea, Italy and Bangladesh during February 2020 are shown in [Fig. 7](#f0035){ref-type="fig"} . In this figure, a single scale at the rightmost part of the image is used to indicate the temperature for all subimages. However, for the Hubei province of China many parts were cloudy in the Landsat-8 images during the study period. Therefore, only the cloud free Wuhan area of Hubei province is shown in the map. During the study period in the mid-region of Korea, the temperature was very low, which was caused by the presence of heavy and widespread clouds in that region during satellite image acquisition. However, very few clouds covers were found for the Landsat-8 image acquisition for February 2020 for the Italy areas. In almost all areas temperature were lower than 20 °C except a few places where the temperature did not exceeded 25 °C. Therefore, interpretations from the figures for these regions should be guarded to avoid errors.Fig. 3(i) Ramachandran plot for SARS-CoV-2 proteins. Structure validation of (A) Spike protein, (B) Membrane protein, (C) Envelope protein and (D) Nucleoprotein of COVID-19 proteins predicted by Ramachandran plot analysis of RAMPAGE. (ii) Quality factor analysis of predicted SARS-CoV-2 proteins by ERRAT. This figure shows the overall quality factor of predicted structure of (A) Spike protein, (B) Membrane protein, (C) Envelope protein and (D) Nucleoprotein.Fig. 3Fig. 4Representation of predicted 3D model of SARS-CoV-2 proteins. 3D structure of (A) Spike protein, (B) Membrane protein, (C) Envelope protein and (D) Nucleoprotein of COVID-19 proteins with antigenic sites visualized by PyMOL; Ball like structure represents the immunogenic parts.Fig. 4Fig. 5(i) Geographic distribution of COVID-19 cases as of March 20, 2020. (A) 182 Countries and territories reporting cases and cases reported in (B) China, (C) Italy and (D) Korea. (ii) Geographic distribution of COVID-19 Deaths as of March 20, 2020. (A) 182 Countries and territories death cases and deaths reported in (B) China, (C) Italy and (D) Korea.Fig. 5Fig. 6(A) Cumulative confirmed cases of COVID-19 in globe and China\* from January 21, 2020 to March 20, 2020\*\*. (B) Cumulative confirmed cases of COVID-19 in Hubei province, China\* excluding Hubei and outside china from January 21, 2020 to March 20, 2020\*\*. (C) Cumulative global death toll of COVID-19 from January 11, 2020 to March 20, 2020\*. (D) Global and country-wise case fatality of COVID-19 up to March 20, 2020\*. \*Confirmed cases in China include cases confirmed in Hong Kong, Macau, and Taiwan; \*\* Data from WHO ([@bb0310]).Fig. 6Table 2Predicted antigenic sites (B cell epitope) of COVID-19 with VaxiJen score and conservancy analysis with homologous protein sets.Table 2ProteinPeptideLength\
(aa)Vaxijen ScorePercent of protein sequence matches at identity ≤ 100%Minimum identityMaximum identitySpike proteinSQCVNLTTRTQLPPAYTNSFTRGVY250.686083.33% (5/6)96.00%100.00%FSNVTWFHAIHVSGTNGTKRFDN230.6767100.00% (6/6)100.00%100.00%DPFLGVYYHKNNKSWME170.5821100.00% (6/6)100.00%100.00%SQCVNLTTRTQLPPAYTNSFTRGVY250.686083.33% (5/6)96.00%100.00%MDLEGKQGNFKNL131.2592100.00% (6/6)100.00%100.00%KHTPINLVRDLPQGFS160.640383.33% (5/6)93.75%100.00%KSFTVEKGIYQTSNFRVQP190.5729100.00% (6/6)100.00%100.00%FPNITNLCPFGEVFNATRFASVYAWNRKRISNCVA350.4466100.00% (6/6)100.00%100.00%YNSASFSTFKCYGVSPTKLNDLCFT251.4031100.00% (6/6)100.00%100.00%GDEVRQIAPGQTGKIADYNYKLP231.1017100.00% (6/6)100.00%100.00%NLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTN620.3951100.00% (6/6)100.00%100.00%SNKKFLPF81.3952100.00% (6/6)100.00%100.00%NCTEVPVAIHADQLTPT170.3987100.00% (6/6)100.00%100.00%VNNSYECDIPI110.6124100.00% (6/6)100.00%100.00%YTMSLGAENSVAYSNN160.6434100.00% (6/6)100.00%100.00%GQSKRVDFC91.7790100.00% (6/6)100.00%100.00%SCCKFDEDDSEPVLKG160.4347100.00% (6/6)100.00%100.00%Nucleo-proteinHGKEDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLS470.5773100.00% (6/6)100.00%100.00%TTLPKGFYAEGSRGGSQASSRSSSRSRNSSRNSTPGSSRGTSPARMAGNGGD520.520633.33% (2/6)15.38%100.00%RLNQLESKMSGKGQQQQGQTVTKKSAAEASKKPRQKRTATKA420.562783.33% (5/6)16.67%100.00%RRGPEQTQGNFGDQELIRQGTDYK240.627783.33% (5/6)20.83%100.00%DAYKTFPPTEPKKDKKKKADETQALPQRQKKQQTVTLLPAADLDD450.496883.33% (5/6)15.56%100.00%Membrane proteinYRIGNYKLNTDHSSSSDNIA200.22160.00% (0/2)19.05%95.24%Envelop proteinYVYSRVKNLNSSRVP150.4492100.00% (2/2)100.00%100.00%Table 3Conservancy analysis of Antigenic Sites from COVID-19 proteins with other coronaviruses corresponding proteins.Table 3*Antigenic Sites of COVID-19Conservancy with other coronaviruses corresponding proteins (%)SARS-CoVBuffalo BufCoV-HKU26BatCoV-HKU5BatCoV-HKU4MERS-CoVHCoV-HKU1HCoV-NL63HCoV-OC43HCoV-229ES proteins*SQCVNLTTRTQLPPAYTNSFTRGVY28.0024.0028.0024.0028.0024.0028.0028.0028.00FSNVTWFHAIHVSGTNGTKRFDN39.1326.0926.0926.0930.4326.0926.0926.0926.09DPFLGVYYHKNNKSWME29.4129.4123.5329.4129.4129.4129.4129.4129.41SQCVNLTTRTQLPPAYTNSFTRGVY28.0024.0028.0024.0028.0024.0028.0028.0028.00MDLEGKQGNFKNL53.8530.7730.7730.7738.4630.7730.7730.7738.46KHTPINLVRDLPQGFS56.2531.2531.2531.2525.0031.2537.5031.2537.50KSFTVEKGIYQTSNFRVQP78.9531.5842.1131.5847.3742.1126.3231.5836.84FPNITNLCPFGEVFNATRFASVYAWNRKRISNCVA88.5725.7122.8620.0022.8625.7125.7125.7122.86YNSASFSTFKCYGVSPTKLNDLCFT84.0028.0032.0032.0028.0032.0028.0024.0028.00GDEVRQIAPGQTGKIADYNYKLP91.3026.0934.7839.1330.4326.0926.0926.0921.74NLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTN33.8717.7417.7417.7417.7417.7417.7417.7417.74SNKKFLPF62.5037.5050.0050.0050.0050.0037.5037.5050.00NCTEVPVAIHADQLTPT76.4729.4135.2935.2941.1829.4129.4129.4129.41VNNSYECDIPI81.8245.4536.3645.4527.2745.4536.3645.4536.36YTMSLGAENSVAYSNN81.2531.2531.2531.2531.2531.2543.7537.5031.25GQSKRVDFC100.0055.5666.6766.6766.6755.5655.5655.5666.67SCCKFDEDDSEPVLKG100.0031.2531.2531.2531.2531.2531.2531.2531.25  *M proteins*HGKEDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLS89.3617.7848.9446.8148.9431.9119.1521.2819.15TTLPKGFYAEGSRGGSQASSRSSSRSRNSSRNSTPGSSRGTSPARMAGNGGD88.4629.1744.2342.3150.0026.9225.0028.8526.92RLNQLESKMSGKGQQQQGQTVTKKSAAEASKKPRQKRTATKA95.2426.1933.3340.4850.0028.5721.4326.1921.43RRGPEQTQGNFGDQELIRQGTDYK95.8330.7741.6745.8350.0029.1737.5029.1729.17  *E proteins*YRIGNYKLNTDHSSSSDNIA85.0030.0020.0025.0020.0030.0015.0030.0020.00  *N proteins*YVYSRVKNLNSSRVP80.0020.0020.0020.0020.0040.0020.0020.0026.67Fig. 7Temperature (°C) for (A) Wuhan (China), (B) South Korea, (C) Italy and (D) Bangladesh during February 2020.Fig. 7

4. Discussion {#s0095}
=============

The COVID-19, caused by novel coronavirus SARS-CoV-2, became a pandemic ([@bb0150]). Coronaviruses are one of the most diverse groups of viruses and have emerged as deadly pathogens for the human race, with SARS-CoV-2 being the latest inclusion to the list. In most cases, human coronaviruses evolve from zoonotic transmission, and bats are reported as the reservoirs for zoonotic viruses ([@bb0105]). Although the causative agent of COVID-19 has already been declared SARS-CoV-2 ([@bb0180], [@bb0205]), we adopted a protein-based phylogenetic study to reveal the phylogenetic relationships and divergent links of SARS-CoV-2 with other human coronavirus strains. Seven coronaviruses (COVID-19, HCoV-229E, HCoV-OC43, SARS-CoV, HCoV-NL63, HKU1 and MERS-CoV), two bat-originated coronaviruses (HKU4 and HKU5) and one buffalo-originated coronavirus (BufCoV-HKU26) reported from Bangladesh were subjected to phylogenetic analysis of four types of their viral proteins (S, M, E and N proteins). It was demonstrated that SARS-CoV-2 and SARS-CoV shared a similar pattern of ancestral origin (Fig. 1), and pairwise alignment indicated maximum similarity and identity between these two viruses (Table 1 and Fig. 2). Recently, after the rapid transmission of SARS-CoV-2 and the resulting deaths ([@bb0025], [@bb0055], [@bb0335], [@bb0310]), the WHO announced the genetic similarities between SARS-CoV-2 and SARS-CoV, which were clearly reflected in the present study. Also, HKU4 and HKU5 are bat-originated coronaviruses, and the similar genetic makeup of the other viral strains could indicate a similar host preference ([@bb0075]), though there were a few unclear reports regarding the possibilities of bats as reservoirs of SARS-CoV-2 ([@bb0020], [@bb0095]). However, the divergent phylogenetic relationships and minor alignment patterns of SARS-CoV-2 with the bat-originated viruses HKU4 and HKU5 suggested that there was a low possibility of SARS-CoV-2 being connected with bats (Fig. 1 and Table 1).

In the NCBI database, the gene sequence of a buffalo coronavirus (BufCoV HKU26) from domestic water buffaloes (*Bubalus bubalis*) in Bangladesh is available ([@bb0190]). A comparative study of BufCoV-HKU26 with SARS-CoV-2 was performed in this study using phylogenetic analysis and pairwise alignment of the targeted viral proteins. The study revealed that BufCoV-HKU26 showed divergent relationships and low pairwise alignment of S (29.5% identity and 44.2% similarity), M (37.4% identity and 55.7% similarity), E (20.9% identity and 44.2% similarity) and N proteins (32.7% identity and 48.6% similarity) with SARS-CoV-2. However, as BufCoV-HKU26 is an animal-originated coronavirus, its proteins always exhibited a familial relationship with the other animal-originated virus HCoV-OC43 (Fig. 1). BufCoV-HKU26 was detected in Bangladesh, which suggests that the country does provide a favorable environment for the transmission and pathogenesis of buffalo-originated coronaviruses ([@bb0230], [@bb0250]). The genetic architecture of SARS-CoV-2 was highly divergent from that of BufCoV-HKU26 (Figs. 1 and 2 and Table 1). The genetic makeup of the virus directly or indirectly governs viral transmission or pathogenesis.

COVID-19 has already spread to all continents except Antarctica. Movement of people from one place to another allows the rapid spread of any infectious disease from the place of origin to all over the world. Geographically, Bangladesh is located in a temperate zone. We performed a comparative study of the temperatures between Bangladesh, Wuhan, South Korea, and Italy. The temperature could be a factor reducing the risks of COVID-19 to Bangladesh, although the country has a high-risk index ([@bb0115]). The high temperature and high humidity can effectively reduce the environmental persistence and transmission of the COVID-19 ([@bb0285]), and temperature variation and humidity may be important factors affecting the COVID-19 mortality ([@bb0195]). However, experts cannot yet predict the trajectory of the virus. COVID-19 (SARS-CoV-2) might have different persistence times on inanimate surfaces, but these times should be similar to those of SARS-associated viruses (3-4 days) ([@bb0165]). Human coronaviruses such as Middle East Respiratory Syndrome (MERS) coronavirus, Severe Acute Respiratory Syndrome (SARS) coronavirus, and endemic Human Coronaviruses (HCoV) can persist on inanimate surfaces but not for long periods ([@bb0045], [@bb0155]). However, at lower temperatures, such as 4°C or less, this virus persisted for as long as 28 days, and the lowest level of inactivation occurred at 20% relative humidity. Inactivation was more rapid at 20°C than at 4°C at all humidity levels. Likewise, coronaviruses were inactivated more rapidly at 40°C than at 20°C ([@bb0155]).

Recently, the authors established that temperature significantly changed COVID-19 transmission in 429 cities, in which COVID-19 appeared to spread fastest at 8.72°C ([@bb0290]). However, based on this brief discussion, it can be presumed that this virus has a lower possibility of transmission and severity in countries or seasons with relatively higher temperatures, respectively. Thus, in affected countries, COVID-19 might disappear with rising temperatures when spring comes. In Fig. 7, the temperatures of Wuhan (China), South Korea, Italy and Bangladesh during February 2020 are compared. It can be observed that the temperature ranged from 13 to 22°C in many places of Wuhan, Korea as well as in Italy. However, across Bangladesh, the temperatures were above 25°C except for very small areas with temperatures of approximately 20°C, which were caused by small patches of cloud cover. Thus, the temperature is much higher in Bangladesh than in Wuhan, Korea, and Italy. In March, the temperature has increased considerably, giving hope that the transmission of the virus will be limited. Only 20 cases (including one death) of COVID-19 have been confirmed in Bangladesh as of March 20, 2020. The largest international airport in Bangladesh is situated in Dhaka and is the main entrance for people from all over the world. As Dhaka is an industrial and commercial zone and all the official works of Bangladesh are centralized here, most of the visitors or people returning to the country stay here for an extended period. Due to industrialization, the temperature of Dhaka is much higher than that of any other parts of Bangladesh, which is also evident from Fig. 7 (D) (indicated by the black circle in the figure). Many of the scientists speculated and revealed that high temperature and humidity have a role in restricting the spread of COVID-19, and the spread of disease would be suppressed in hot and humid weather ([@bb0235], [@bb0350]), are in the line of our hypothesis. Coronaviruses that cause common colds do tend to subside in warmer months. However, it is highly uncertain whether SARS-CoV-2 will behave the same way. Current research by scientists is too early to predict how the virus will respond to changing weather ([@bb0200]).

Moreover, scientists discovered that SARS-CoV-2 has mutated into a more aggressive disease ([@bb0260]). Population genetic analyses of SARS-CoV-2 genomes indicate two major lineages (designated L and S) with a higher possibility of infection by both types. The ancestral 'S-type' is suspected to be less infectious and milder in severity (\~30%), while the later emerging 'L-type' is more prevalent (\~70%) ([@bb0260]). If the evolution of SARS-CoV-2 continues, countries such as Bangladesh will be in great trouble as a human intervention may have exerted more severe selective pressure on the L type, which will help generating mutant virus that will be be more aggressive and will spread more quickly ([@bb0260]). Although, according to the WHO, this virus is unique in its continuous mutation ([@bb0300]); until now, there has been no concrete evidence that the virus has already changed with regards to disease severity or infectivity. More comprehensive genomic data are required for further testing of this hypothesis.

Immunogenicity and epitope conservancy analyses of coronavirus proteins were performed to determine the potential B-cell epitopes that would interact efficiently with B lymphocytes to initiate the immune response against specific viral pathogens ([@bb0160]). The study identified a total of 24 highly immunogenic B-cell epitopes from SARS-CoV-2 proteins (17 epitopes of S; 1 epitope of M; 1 epitope of E; 5 epitopes of N proteins). Conservancy analysis ([Table 3](#t0015){ref-type="table"}) demonstrated that selected epitopes were highly conserved in other homologous strains of SARS-CoV-2, which suggested the possibility of peptide-based vaccine development from S, M, N or E proteins ([@bb0010]; [@bb0005]; [@bb0215]). Moreover, potential B-cell epitopes were also identified from HCoV-229E, HCoV-OC43, SARS-CoV, HCoV-NL63, HKU1, MERS-CoV, HKU4, HKU5 and BufCoV-HKU26 proteins ([Supplementary Table 1](#ec0005){ref-type="supplementary-material"}). The antigenic sites of COVID-19 were also crosschecked with other coronavirus-corresponding proteins ([Table 3](#t0015){ref-type="table"}). Higher levels of conservation among antigenic epitope sites of SARS-CoV-2 and SARS-CoV supported a similar ancestry in their pathogenicity. In contrast, antigenic epitopes from SARS-CoV-2 exhibited the minimum conservancy pattern with BufCoV-HKU26, which suggested a distinct pathogenicity pattern between SARS-CoV-2 and BufCoV-HKU26.

The national health authorities of China detected a cluster of 44 pneumonia patients of unknown etiology from December 31, 2019 to January 3, 2020 in Wuhan City, Hubei Province of China and reported this detection to the WHO Chinese office ([@bb0310]). Moreover, on January 7, they identified the pathogen as a novel coronavirus ([@bb0325]). Similar to COVID-19, the world experienced an epidemic of severe acute respiratory syndrome (SARS) in 2003 caused by a coronavirus also originating from China (Guangdong Province), which was suggested to be a potential zone of re-emergence of coronaviruses ([@bb0180]; [@bb0315]). However, on March 14, 2020 WHO declared Europe as new epicentre of COVID-19 outbreak ([@bb1000]).

Within a very short time, COVID-19 was transmitted globally ([@bb0310]; [@bb0335]; [@bb0025]; [@bb0055]; [@bb0325]). By March 20, 2020, the viruses had spread to up to 182 countries and territories, and one cruise ship named 'Diamond Princess' in Japan ([@bb0330]), infecting 2,53,796 persons globally ([@bb0310]). In contrast, SARS infected 8450 persons and caused 810 deaths globally in 33 countries ([@bb0050]). Moreover, MERS, another coronavirus associated with an epidemic, started in Saudi Arabia in September 2012 and spread to up to 27 countries affecting a total of 2494 persons and causing 858 deaths throughout the world up to November 2019 ([@bb0305]). Therefore, COVID-19 has already covered approximately 5.52 times more countries than SARS and MERS ([@bb0310]; [@bb0050]). In addition, up to March 20, 2020, COVID-19 has been attributed 30.03 and 101.76 times more cases, and 12.85 and 12.13 times more deaths globally than SARS and MERS, respectively ([@bb0330]; [@bb0050]; [@bb0305]). Although the occurrence of cases per day was high in China at the beginning of the outbreak, after February 25, 2020, the number of cases declined in China and dramatically increased outside of China. For example, all of Italy has been placed under lockdown due to COVID-19. The majority of the cases are in mainland China, followed by Italy, Spain, Iran, Germany, USA, France and Korea and the World Health Organization has formally declared the COVID-19 outbreak a pandemic in March 11, 2020 ([@bb0310]; [@bb0150]).

The case fatality of COVID-19 as of March 19, 2020 was 4.10% and 4.00% globally and in China, respectively. This calculation agrees with the report of Wang et al. ([@bb0295]), who stated that the global case fatality was close to 3%. However, the global case fatalities of SARS (9.60%) and MERS (34.40%) were higher than that of COVID-19 ([@bb0305]; [@bb0035]). By February 2020, the case fatality of China was 3.80% ([@bb0330]), which supports our estimate. Despite the lower case fatality than the previous coronaviruses SARS and MERS, COVID-19 poses a great burden across the world in terms of geographical coverage, the occurrence of cases, and the cumulative death toll. It became a pandemic, causing great public panic.

Over 182 countries and territories including Bangladesh reported COVID-19 cases, with more than 2,53,796 people infected globally as of March 20, 2020 ([@bb0100], [@bb0310]). The COVID-19 coronavirus has spread in the neighboring countries of Bangladesh as well.   Even the coronavirus is sensitive to high temperatures, but do not stop transmitting even in on summer months ([@bb0290], [@bb0310]). The government of Bangladesh should place preventive measures immediately to prevent the community spread of SARS-CoV-2. Further comprehensive studies that will combine genomic data, outbreak information, surveillance data, travel restrictions will help to generate information that will be necessary for a well-planned long-term strategy to mitigate COVID-19.
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